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Summary 
During 2008 and 2009, the Western Australian Forest Products Commission (FPC) 
established a large mixed species plantation covering most of a 1400 ha property on 
Leggoe Road at Beaufort River, in the Upper Great Southern region of Western Australia. 
The property falls within the Shire of Woodanilling, although its western boundary adjoins the 
Shire of West Arthur.  
A numerical model of the Beaufort River plantation and surrounds was established using the 
US Geological Survey groundwater model MODFLOW (McDonald and Harbaugh, 1988). 
The purpose of the modelling was to forecast the likely impacts of the plantation on the local 
groundwater system and provide guidance on siting bores required to monitor the impacts of 
the plantation on access to groundwater resources by neighbouring landholders. The model 
closely predicted observed groundwater heads in the surficial aquifer and in particular under 
and adjacent to the plantation. The predicted pattern of areas of shallow groundwater also 
matched the Land Monitor salinity map. The model predicted dry areas in the surficial aquifer 
on the valley flanks. Due to a lack of data, we modelled only three of the thirteen bores 
known to be used for water supplies and have not taken into consideration planned irrigation 
developments proposed for neighbouring properties. 
A range of reduced recharge and plantation impact scenarios where run. A scenario in which 
the maximum rate of groundwater uptake by the plantation was set to 300 mm/y and the 
maximum extraction depth was 6 m was considered to represent the most likely impact of the 
plantation on groundwater levels in the surficial aquifer. The model predicted that for this 
scenario, the actual plantation water use from the surficial aquifer would be 50 mm/y 
(700 ML/y), and that the maximum watertable reduction would be 4.5 m relative to the base 
case; the spatial distribution of watertable reduction is shown in Figure 19 (page 26). At this 
level of impact, shallow soaks, close to the plantation, used to supply stock water are likely to 
be impacted but landholders using bores at current rates are not likely to be significantly 
affected. Other scenarios, predicting greater impacts are possible but less likely due to 
variability in the depth to which the trees are likely to be able to access groundwater.  
A scenario in which the maximum rate of groundwater use was set to 500 mm/y, with a 
maximum extraction depth of 6 m resulted in a plantation water use from the aquifer of 
54 mm/y (755 ML/y). Despite the relatively small actual increase in water use, this scenario 
would result in a yield reduction at the bore supplying the Beaufort Meats abattoir on 
Leggoe Road. These results highlight the role of monitoring, evaluation and need for 
adaptive management plans. 
Finally, the model predicted that there would be a reduction in area with a shallow watertable 
(salinity and risk) as a consequence of water use by the plantation. The model forecast that 
as a result of lowered water levels this area may extend some 800 m beyond the plantation. 
As MODFLOW does not explicitly model the unsaturated zone or surface water flows, this 
result is considered indicative of the order of magnitude of the potential impacts only.  
Recommendations for further drilling and groundwater monitoring, to be used to verify the 
model predictions and detect significant negative impacts on groundwater levels are 
presented. Recommended sites for additional bores are shown in Figure 32 (page 40). 
Furthermore, the FPC currently monitors thirteen bores around the plantation using 
automatic data loggers, several of these bores are slotted in either the deeper aquifer, which 
is not likely to be impacted by the plantation, or have multiple slotted intervals. We therefore, 
recommend that the list of bores currently monitored be reviewed to ensure that the bores 
actually monitored provide the required early warming of critical impacts in the surficial 
aquifer. Additional control bores may also need to be sited to monitor for climate change 
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impacts. In addition, as new plantations complicate the interpretation of the impact of the 
existing system, no new plantations should be established in areas predicted to experience 
significant impact from the current plantation without reference to the Steering Committee.  
Further groundwater modelling could be used, at the discretion of the Steering Committee to:  
1. Update the model based on the results of the proposed drilling, if required, and 
undertake a comparison of model results and monitoring data.  
2. Assess impacts of other plantations recently established in the area. 
3. If necessary, use the calibrated model to assist adaptive management of the plantation 
and neighbours’ bore water use. 
4. Model the interaction between the plantation and groundwater extraction not 
considered in the current model and new proposed extraction by any other landholders 
likely to be impacted. 
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1. Introduction and background 
During 2008 and 2009, the Western Australian Forest Products Commission (FPC) 
established a large mixed species plantation covering most of a 1,400 ha property on 
Leggoe Road at Beaufort River, in the Upper Great Southern region of Western Australia. 
The property falls within the Shire of Woodanilling, although its western boundary adjoins the 
Shire of West Arthur. 
As part of the Woodanilling Shire Council’s approval for the development of the plantation, 
conditions were imposed to protect specified landholders and groundwater users from 
adverse impacts on their water supplies. The Forest Products Commission agreed to specific 
‘make good’ measures in the event that the plantation affected access to groundwater 
resources on four nominated land parcels immediately surrounding the plantation (see 
Appendix 1).  
Another key requirement of the planning approval was the creation and implementation of a 
monitoring and evaluation plan. The Plan was to describe the current hydrology and 
groundwater use in the area and identify changes to groundwater supply that would trigger 
changes to management of the plantation. The monitoring and evaluation plan included a 
requirement to monitor a set of existing bores in the vicinity of the plantation to establish 
baseline groundwater data against which future groundwater levels could be compared.  
A hydrological model was proposed to forecast the likely impacts of the plantation on the 
local groundwater system and provide guidance on siting additional bores required to monitor 
the impacts of the plantation. The results of the modelling, the siting of additional monitoring 
bores and the development of trigger conditions to initiate remedial actions to preserve 
access to groundwater by nominated landholders is overseen by a Committee of the Shire of 
Woodanilling. 
This document summarises the available hydrogeological data for the area immediately 
surrounding the plantation (section 2.1). This information is used to develop a conceptual 
model of the groundwater system (section 2.2) on which a numerical model (section 2.3) is 
based. The model was calibrated against a selection of bores for which reliable groundwater 
level data was available and this process is described in section 2.3.1. The calibrated model 
was used to predict the expected groundwater levels for two climate change scenarios 
(section 2.3.2.1) and to explore possible impacts of the plantation (section 2.3.2.2). The 
results of these scenarios are compared (section 3.3) and used to guide the recommendation 
of an extended network of monitoring bores (section 4.1). 
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2. Methods 
2.1 Study area 
The property on which the plantation has been established comprises Lots 6500 and 6104, 
Deposited Plan No 141696, Leggoe Road, Beaufort River. The two lots occupy 1402 ha of 
land on a broad valley floor, on the south side of Leggoe Road, about 4.7 km west of the 
Albany Highway (Figure 1). The plantation occupies 1046 ha and consists of 66 ha of 
Eucalyptus botryoides (Southern Mahogany), 268 ha of E. cladocalyx (Sugar Gum), 326 ha 
of E. saligna (Sydney Blue Gum), 108 ha of Pinus radiata and 278 ha of Santalum spicatum 
(Sandalwood). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Location of Beaufort River plantation 
The natural surface drainage on valley floor on which the plantation sits is poorly defined and 
there are numerous lakes, some surrounded by lunettes.  
The nearest Bureau of Meteorology weather station is situated at Boscabel, 9 km to the 
south; it commenced operation in 1916. The mean annual rainfall at Boscabel is 518 mm 
(1916–2004) and the mean annual pan evaporation is 1486 mm. Pan evaporation exceeds 
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rainfall in all but four months on average as shown in Figure 2. The climate is described as 
‘temperate—distinctly warm and dry summer’ under the modified Koeppen classification 
system (Stern et al. 2001). 
 
 
 
 
 
 
 
 
 
Figure 2 Mean monthly rainfall and pan evaporation for Boscabel. 
Source: Patched Point Dataset, Queensland Natural Resources and Mines. 
2.1.1 Hydrogeology 
The existence of a palaeochannel in the Beaufort River area was first inferred when holes 
drilled for coal exploration intersected thick sands and clays extending to a depth of about 
50 m (Commander, 1995). One of these drill holes is referred to as KOW696 (Figure 3). 
Further holes were drilled in the area during the 1987 drought relief program, and some of 
those holes intersected fresh groundwater. In February 1994, the Geological Survey of 
Western Australia drilled eleven sites in the Beaufort River area (Waterhouse et al. 1995) to 
specifically investigate the water resource potential of the palaeochannel. This investigation 
followed earlier drilling programs undertaken in the Lake Towerrinning catchment in the early 
1990s (George et al. 1994). These investigations located a similar palaeochannel and the 
authors requested the support of the Geological Survey. The two areas were later identified 
as being part of the same palaeochannel system, assumed to be the precursor of the 
modern Beaufort River (Waterhouse et al. 1995). 
Waterhouse et al. (1995) describe the palaeochannel as comprising of two main units; a 
lower unit consisting of interbedded sands, clayey sands and clays which are carbonaceous 
in places; and an upper unit dominated by clay and silt and substantially less sands. The 
lower unit occupies a channel of 200 to 500 m width directly above the weathered Archaean 
basement. They noted little consistency in the interbedding of the different sedimentary 
materials overlying the lower unit from borehole to borehole and this was assumed to be the 
consequence of a series of meandering river channels having occupied the valley at different 
times depositing coarse sediments. They postulated that the deeper sediments were covered 
by clay-rich lake sediments (Eocene, 34 to 56 Ma) and subsequently eroded by surface 
drainage, which deposited locally derived alluvial sediments in smaller, meandering 
channels. The mapped extent of the surficial sedimentary aquifer is shown in Figure 8 
(Department of Water, 1989), the extent of the palaeochannel presented by Waterhouse 
et al. (1995) approximately coincides with that mapping.  
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Figure 3 Bore location map, showing bores drilled by the Geological Survey of Western Australia, the 
Department of Agriculture and Food and bores for which estimates of pumping rates are available, other 
bore locations are shown on a separate map, available from the authors on request.  
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Nine of the sites drilled in 1994 by the Geological Survey form two transects across the 
valley in which plantation is situated (Figure 3). Of the nine drill holes, seven were cased and 
are still intact, though no record of groundwater levels or quality other than those taken at the 
time of completion could be located. Several of these bores are slotted over two or three 
separate depth intervals to coincide with the main aquifers intersected at each site. The 
slotted intervals are not isolated and the entire borehole annulus was gravel packed in each 
case. Consequently, groundwater head and quality data observed in these bores are not 
representative of any particular aquifer. Furthermore, the bores allow the potential for saline 
or fresh water to leak from one aquifer into another.  
Between October 2007 and February 2008, The Department of Agriculture and Food drilled a 
transect of bores straddling the ridgeline to the south of the western-most transect of 
Geological Survey bores (Figure 3). The aim was to compliment the earlier drilling and to 
undertake regular groundwater monitoring for salinity risk assessment in the area, which was 
under-represented in the Department’s bore network (Department of Agriculture and Food, 
2008a). All these bores intersected sedimentary material in the upper parts of the profiles 
drilled. Where similar Eocene aged, sediments have been drilled elsewhere they have not 
been found above about 270 m AHD (Clarke et al. 2000) (see Figure 9).  
The Forest Products Commission undertook a bore census of the area around the plantation 
in May 2008 and sampled groundwater levels and salinity in accessible bores. Little reliable 
information on the construction and stratigraphy exists for the majority of these bores and 
many bores reportedly drilled in the area could not be located. In most cases, the FPC 
observations were the first since the bores were drilled. The FPC bore census also located 
some bores not previously documented. For the sake of readability, not all these are shown 
in Figure 3, a separate bore location map is therefore available from the authors on request. 
The available bore completion and stratigraphic data is presented in Appendix 2. In 
September 2008, FPC performed packer tests on three of the Geological Survey bores 
drilled in 1994 and bore KOW696 in an attempt to determine the groundwater pressures from 
the deepest slotted intervals of each bore (Appendix 2).  
Groundwater in the surficial aquifer is generally fresher than that in either the basal 
palaeochannel or the weathered basement aquifer (Figure 4), though salinity is highly 
variable. It appears that groundwater in the surficial aquifer may be fresher on the valley floor 
but there is anecdotal evidence that this is a consequence of the fact that bores are 
shallower there and that the surficial aquifer may be stratified, with fresher groundwater 
nearest the surface. 
Portions of the valley floor show signs of secondary salinity and waterlogging. Figure 5 
shows the areas mapped as saline in 1998 by the Land Monitor project (Wallace, 2002). The 
project used satellite imagery and simple rules to estimate the salt-affected area and the 
accuracy of the technique varies with landform and geology. Results indicate that 95 per cent 
of the area identified as salt-affected was correctly identified by the process, however, little 
ground truth data was available specifically for the Beaufort River area and the accuracy in 
this terrain is not explicitly quantified. 
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Figure 4 Water quality in the surficial (red), palaeochannel (blue) and weathered zone (amber) aquifers. 
Note that the larger the circle, the fresher the groundwater. Also shown are the 250 m AHD contour line 
(indicating the main valley floor) -red, plantation, basal palaeochannel, ridgelines (all black) and larger 
lakes -blue.  
2.1.2 Groundwater pumping 
Freshwater soaks and shallow wells tapping the surficial aquifer are abundant on the valley 
floor surrounding the plantation and are used for stock water. Several landholders also pump 
from the surficial aquifer for stock and domestic water supplies. The abattoir on Leggoe Road 
pumps two bores (KOW02 and MACRI02) to supply processing water and the Shire of West 
Arthur operates a bore (1414_A87) and standpipe for landholder use adjacent to BOS2 on 
Rees Road. To the best of our knowledge, only one bore (641) is equipped with a flow meter, 
but no records of water use have been kept. All estimates of groundwater pumping are 
therefore based on landholders’ estimates of demand, average pump operation times or tank 
size and frequency of filling required. One bore (FYS04) is known to have been used to 
supply two 50 ha centre pivot irrigation systems by a previous owner. Estimated groundwater 
pumping rates are shown in Table 1.  
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Table 1 Estimated groundwater discharge rates for bores known to be pumped in the Beaufort River area. 
Note that only discharge estimates shaded in the table were available at the time the model was constructed. 
Bore Discharge (kL/d) Depth (m) Aquifer Comments Modelled 
747 50 27.43 uncertain supplies 3 houses, potential 
75 kL/d  
N 
A 25 29.3 uncertain house bore, discharge unknown, 
pumped to 12 000 gal. (54 500 L) 
tank  
N 
KOW_02 70 -200 10.67 surficial supplies abattoir, several 
estimates of discharge supplied  
Y 
KOW_07 12 21.9 surficial windmill, used Christmas to May 
on average  
N 
MACRI02 23 11.44 surficial secondary supply for abattoir, 
potential 110 kL/d  
N 
MACRI03 25 15 surficial will supply 2 new houses, 
potential 75 kL/d but storage 
unproven  
N 
SHEP01 15 14 surficial estimated from pump operation 
times  
Y 
SHEP02 45 5.73 surficial estimated from pump operation 
times  
Y 
641 25 16.45 surficial used in summer only, 90 kL 
every 3 to 4 days  
N 
1414_A87 25 15 surficial drought relief bore, to tank and 
standpipe, unmetered  
N 
1407 2 14.9 surficial pumped to 12 000 gal. (54 500 L) 
tank, estimated filled once a 
month  
N 
664 unknown 6.4 surficial Beaufort River Tavern  N 
FYS04 zero 16.45 surficial supplied two 50 ha centre pivot 
irrigation systems in the past  
N 
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Figure 5 Land Monitor salinity in 1998; red shading—saline land, orange shading—apparently vegetated 
land that may also be saline. Also shown are the parcels occupied by the plantation (green shading), 
basal palaeochannel, model domain (purple), Geological Survey bores, ridge lines (brown) and larger 
lakes (blue shading).  
2.1.3 Soils 
The dominant soils on the valley floor are grey deep and shallow sandy duplexes and saline 
wet soils derived from the alluvial sediments, there are occasional aeolian lunettes 
(Department of Agriculture and Food, 2008b). On the valley flanks and side slopes grey deep 
sandy duplexes are prevalent, they are often gravelly; sandy gravels and grey shallow loamy 
and sandy duplex soils are also common. Deep sandy gravels, duplex sandy gravels and 
shallow gravels derived from laterite or local colluvium are prominent on the upper slopes 
and crests.  
2.2 Conceptual groundwater model 
Geological logs are available for only a few of the many bores in the vicinity of the plantation. 
The 1994 Geological Survey bores and a few other suitably located bores for which some 
reliable stratigraphic information is available were used to construct two north-south, 
hydrogeological cross sections across the valley. These are shown in Figure 6 and Figure 7. 
These cross-sections are consistent with those presented by Waterhouse et al. (1995) but 
are more detailed in their depiction of local stratigraphy. They show the lack of continuity in 
stratigraphic layers noted by Waterhouse et al. (1995), both across each section and 
between the western and eastern transects.  
The inferred path of basal palaeochannel as mapped by Waterhouse et al. (1995) was 
refined using the interpreted cross-sections and the sun shaded digital elevation model 
(Figure 8) and represents our conceptual model of its genesis.  
The sediments that constitute the surficial aquifer are assumed to thin as they lap up onto the 
weathered profile on the valley flanks and the ridge line that protrudes onto it from the north, 
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in the middle of the plantation. The Eocene alluvial sediments extend to the 270 m AHD, as 
noted above; Figure 8 shows both the earlier mapping of their extent and the 270 m contour 
which is our current best estimate of their extent within the model domain.  
 
 
 
 
 
 
 
 
 
 
 
Figure 6 North-south hydrogeological cross-section across the palaeo valley of the Beaufort River to the 
west of plantation through Geological Survey bores (BOS), DAFWA bore 08BB03 and landholder bores to 
the north, showing inferred high permeability aquifer units (labelled A to D).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 North-south hydrogeological cross-section across the palaeo valley of the Beaufort River to the east of 
the plantation through Geological Survey bores (BOS) and landholder bores to the north, showing inferred high 
permeability aquifer units (labelled A to D). Note that hydrogeological units A to D are assumed to be continuous 
with similarly labelled units in Figure 6. 
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Figure 8 Inferred centre line of basal palaeochannel (dashed line) within the model domain (heavy black 
line) overlaid on the sun-shaded Digital Elevation Model used to refine its estimated location. Also shown 
are: the previously mapped extent of the palaeochannel (pale red shading), the regionally mapped extent 
of the overlying surficial aquifer (blue cross-hatching) 270 m AHD contour within the model domain 
(green), current major river channels and lakes, and the Albany Highway.  
2.3 Numerical groundwater model 
The United States Geological Survey groundwater model, MODFLOW96 (McDonald and 
Harbaugh, 1988), was used to construct a numerical representation of the conceptual 
groundwater model of the surficial, basal palaeochannel and weathered zone aquifers in the 
vicinity of the plantation.  
The numerical model is based on a 100 m square grid, 18.7 km east-west by 11.4 km north-
south as shown in Figure 8 and Figure 9. There are four model layers, coinciding with the 
main units of the conceptual model outlined above. These are:  
1. Surficial aquifer: stratified alluvial sediments of Eocene age covered in part by aeolian 
sheets and dunes,  
2. Aquitard: discontinuous clay dominated lacustrine sediments cut and filled by 
successive episodes of alluvial activity,  
3. Palaeochannel: thick coarse grained sandy sediments, high permeability,  
4. Weathered rock aquifer: there are two phases, 1) saprock directly above the competent 
basement overlain by a thin layer of saprolite and sediments in the valley; and 2) 
saprock overlain by several tens of metres of weathered, kaolin rich clays above 270 m 
AHD.  
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Figure 9 Model domain for MODFLOW model of the plantation and surrounds showing the areal extent of 
the surficial aquifer and aquitard (layers 1 and 2) in pale green extending to the 270 m AHD contour, the 
palaeochannel aquifer (layer 3) exists only in the channel as marked, and the weathered zone aquifer 
which is continuous over the whole active model domain. Inactive areas are shown in grey shading, 
model boundaries at which groundwater heads are prescribed are shown in dark green shading, all other 
boundaries are no flow. Also shown are the parcels identified under the ‘make good’ provisions and 
larger lakes.  
Numerical model layer 2, the aquitard, is assumed to be continuous over the whole valley 
floor because there is insufficient data to determine its spatial extent. It is required in the 
model to produce the artesian heads observed in bores BOS4, BOS5, BOS6, KOW696 and 
08BB05I. Although there is evidence from the logs of BOS2 and BOS10 (Figure 6) that it 
may not be continuous, it appears to extend as far upslope as 08BB05I.  
The model was configured to run under steady state conditions because there is insufficient 
data on how groundwater heads in the area have varied over time to run it in transient mode. 
In steady state mode, the model output reflects groundwater conditions that are in 
equilibrium with the assumed recharge, extraction, and evapotranspiration. The steady state 
model is considered indicative of autumn conditions under the current climate conditions of 
the Beaufort River area.  
Figure 9 shows the model boundaries for which groundwater heads needed to be prescribed 
to simulate groundwater exchange with the aquifer outside the model domain. Boundary 
heads were set at 0.5 m below the ground surface on the lower portion of the valley, 
increasing upslope so that the groundwater gradient was a subdued reflection of the 
topographic gradient. All other model boundaries are no flow boundaries.  
The model domain includes a 10 km stretch of the Beaufort River adjacent to its eastern 
boundary; however, no allowance for interaction between the surficial aquifer and the river 
has been made because anecdotal evidence is that the river rarely flows during summer and 
autumn. Furthermore, no quantitative river flow data is available against which to calibrate 
any simulated interactions.  
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Groundwater under the valley floor in the model domain is shallow and inundation is common 
during winter. Therefore, although potential recharge may be high because of the relatively 
high rainfall and permeable soils, actual recharge may be limited by a lack of available 
storage. To allow for this the MODFLOW drain package was used to allow excess recharge 
to be removed from the surficial aquifer on the valley floor. MODFLOW does not determine 
the fate of the drainage water; it simply removes it from the water balance of the saturated 
zone. In the Beaufort River area, field observations suggest that little of this water would 
runoff and most would inundate low lying areas until it evaporated.  
MODFLOW simulates only groundwater processes, so evapotranspiration of soil water in the 
unsaturated zone above the watertable is not explicitly considered, its impact is implicitly 
dealt with in the applied recharge rate. Evapotranspiration directly from the groundwater is 
simulated by applying a maximum extraction rate and a maximum depth of extraction. The 
actual evapotranspiration from the groundwater at any point this therefore a function of the 
actual depth to the watertable at that point and the evaporation parameters applied. Two 
examples of how actual evapotranspiration from the groundwater is calculated are shown in 
Figure 10; these examples are a sub-set of the evapotranspiration parameters used in the 
plantation scenarios (see Table 2).  
 
 
 
 
 
 
 
 
 
 
Figure 10 Actual evaportranspiration from groundwater as a function of maximum rate and extraction 
depth, the two examples shown are for maximum extraction depths of 10 m, for a maximum extraction 
depth of 8 m the lines would meet the abscissa (x-axis) at -8 m and so on for different maximum 
extraction depths. 
Reliable estimates of discharge rates were available for only three bores; SHEP01 and 
SHEP02 to the west of the plantation and KOW01, which supplies the abattoir (shaded in 
Table 1). Several estimates of groundwater extraction have been reported for KOW01. In the 
model, we have used the higher discharge rate (200 kL/d) so that any potential interaction 
with water use by the plantation will be captured. Groundwater extraction has not been 
modelled from any bore where no estimate of discharge was available at the time of model 
construction. 
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2.3.1 Model calibration 
The horizontal hydraulic conductivity of each model layer was initially set to the appropriate 
value for the dominant aquifer material as reported by Clarke et al. (2000). Groundwater 
recharge was initially estimated at 10 per cent of rainfall due to the sandy surface soils.  
No information is available on the connection between the surficial aquifer and the many 
lakes on the valley floor. The most conservative assumption is that they are perched and that 
no interaction takes place. In the model, no recharge was modelled through lake floors and 
no evaporation from the aquifer was allowed to occur from beneath them.  
Evapotranspiration from the surficial aquifer by native vegetation was set to 0.75 mm/day 
(275 mm/y) with a maximum extraction depth of 2 m (see Figure 10). Without the simulation 
of evapotranspiration by remnant vegetation, heads were over-predicted especially adjacent 
to larger blocks of vegetation. No evapotranspiration from the aquifer under cleared land was 
modelled.  
To calibrate the model, the hydraulic conductivity and recharge were varied by trial and error 
to match the observed bore water levels (heads) in the surficial aquifer; only bores for which 
reliable, recent water level observations were available were used. Recharge was assumed 
to be uniform over the whole cleared area as the differences in the water use characteristics 
of crops and pastures are minor relative to the difference between agricultural land use and 
native vegetation or plantation forestry.  
Comparisons between predicted and observed heads in the basal palaeochannel and 
weathered zone aquifers were also made. However, these were given less weight in the 
calibration process for two reasons. Firstly, many observations were over twenty years old 
and the bores could no longer be located and secondly, the plantation will impact on the 
surficial aquifer, so more effort is justified in matching the heads in that aquifer. Predicted 
areas of shallow groundwater were also compared with the Land Monitor salinity map 
product (Wallace, 2002) as shown in Figure 5.  
2.3.2 Scenarios 
Seventeen (17) scenarios were performed to assess the possible range of impacts of climate 
variability and change plus the plantation on groundwater in the surficial aquifer adjacent to 
the plantation. A summary is presented in Table 2 and the three groups of scenarios are 
outlined in detail below.  
2.3.2.1 Reduced rainfall scenarios 
Two reduced recharge scenarios were run to estimate the likely impact of reduced rainfall 
and higher temperatures on groundwater levels in the area of interest. In each case, 
recharge was reduced uniformly by 10 per cent and 20 per cent, respectively. Groundwater 
heads at the model boundaries were not changed although a reduction in rainfall would 
produce a reduction in groundwater levels over the majority of the aquifer. The boundary 
heads should be reduced to reflect this; however, there are no means of estimating what the 
reductions in boundary heads should be. These scenarios, may therefore under-estimate the 
impacts of the assumed rainfall reductions on groundwater levels in the area of interest.  
There is also an implicit assumption that evaporative demand and hence evapotranspiration 
does not increase. However, increased average air temperatures and summer rainfall along 
with reduced winter rainfall could increase tree water use if trees have access to fresh 
groundwater. A transient model, which includes some physiological control on tree water 
uptake, would be required to simulate climate change impacts to this level of complexity.  
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2.3.2.2 Plantation impact scenarios 
There are three main variables that affect the impact of the plantation on groundwater levels 
in the surficial aquifer; the level of recharge reduction, the potential rate of evapotranspiration 
from the aquifer and the depth to which the trees are capable of extracting water from the 
aquifer. A suite of scenarios was run based on the possible levels of impact of these three 
variables. The lowest impact scenario assumes zero recharge under the planted area as 
shown in Figure 11 (scenario P0). 
Two levels of tree water use directly from the aquifer and a range of extraction depths were 
then assumed and a scenario developed for each of these. On advice from the FPC, a low 
rate of evapotranspiration from the aquifer was set at a potential maximum rate of 300 mm/y 
and a high rate set at 500 mm/y. The potential extraction depth was then varied from 2 to 
10 m, in increments of 2 m, giving ten scenarios (P300_02 to P300_10 and P500_02 to 
P500_10). No distinction was made between the different tree species in the plantation 
(Figure 11) though, in reality, there will be interactions between species, soil type, maximum 
water use and extraction depth. However, there is insufficient spatial data on soil type to 
estimate how it is likely to affect the other variables. The above scenarios therefore, cover 
the likely ranges of these variables to provide an assessment of the level of impact of the 
plantation in the absence of more detailed data. In each of these scenarios, it was assumed 
that the plantation trees have unrestricted access to groundwater, to the indicated depth and 
that there are no impeding layers preventing root growth or hydraulic connection to the rest 
of the surficial aquifer; neither of these are likely to be true over the whole of the plantation. 
Furthermore, it was necessary to assume that the groundwater salinity is low enough not to 
affect tree health and water uptake.  
No allowance for stand density is made in the model as there is evidence that as long as 
stand density is sufficient to produce a closed canopy then individual tree water use 
increases as stand density decreases to maximise utilisation of sunlight and the available 
water (Hatton and Wu, 1995; Hatton et al. 1999). 
The half-elliptical buffer on the southern boundary of the plantation has been increased over 
and above that shown in Figure 11 in the more recent, approved plantation design. This 
buffer exists to limit impact of the plantation on a neighbouring bore (FYS02, Figure 3). 
Simulated groundwater impacts immediately to the south of the plantation will therefore be a 
slight over-estimation of those to be expected with the larger exclusion zone in place.  
2.3.2.3 Combination reduced rainfall -plantation scenarios  
Four scenarios were performed to explore the interaction between the potential impacts of 
climate change through reduced recharge and the plantation. These scenarios reflect high 
and low recharge reduction impacts, high and low rates of groundwater extraction by the 
plantation and a 6 m depth of groundwater extraction over the whole plantation, assumed to 
be the most representative scenario. The four scenarios are P300_06_R10, P300_06_R20, 
P500_06_R10 and P500_06_R20 (i.e. P300_06_10; equates to a 300 mm/y maximum water 
use from a maximum of 6 m with a reduced recharge of 10 per cent).  
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Table 2 Summary of model scenarios. Two reduced recharge scenarios, zero recharge under the 
plantation, ten groundwater use scenarios and four combined reduced recharge—plantation impact 
scenarios 
R10: recharge reduced by 10% due to climate variability or change, no plantation  
R20: recharge reduced by 20% due to climate variability or change, no plantation  
P0: zero recharge under planted area, minimum likely impact  
Low potential 
groundwater use, 
300 mm/y  
 High potential 
groundwater use, 
500 mm/y  
P300_02 P300_04 
P300_06 P300_08 
P300_10  
Increasing access to groundwater at depth 
through unrestricted root growth and hydraulic 
connection  
P500_02 P500_04 
P500_06 P500_08 
P500_10  
P300_06_R10 
P300_06_R20  
Combined scenarios: reduced recharge and 
plantation impacts  
P500_06_R10 
P500_06_R20  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 Planting plan for the Beaufort River plantation; E. botryoides (green), E. cladocalyx (grey),  
E. saligna (maroon), P. radiata (pale blue) and S. spicatum (yellow). Note that the half elliptical exclusion 
zone on the southern boundary has been expanded in the approved plantation plan. 
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3. Results 
3.1 Calibration—Base case 
The calibrated model parameters for the Beaufort River model are shown in Table 3. The 
mean values of horizontal hydraulic conductivity for the relevant aquifer materials reported by 
Clarke et al. (2000), which were used as initial estimates, are also shown. The horizontal 
hydraulic conductivity of the surficial aquifer and recharge to it were the parameters that had 
the greatest impact on the match between predicted and observed heads in that aquifer. 
Hydraulic conductivity and recharge were also negatively correlated, i.e. increasing the value 
of one had a similar impact to decreasing the value of the other, and a compromise between 
the two, which placed both within their most likely ranges and minimised the variance 
between predicted and observed heads was required. The vertical hydraulic conductivities 
applied to each model layer were set to 0.1 times the horizontal hydraulic conductivity to 
represent the anisotropic nature of layered sediments (Freeze and Cherry, 1979, p 148).  
A vertical hydraulic conductivity two orders of magnitude less that the horizontal hydraulic 
conductivity was assigned to layer 2 (the aquitard) during model calibration to maintain 
artesian heads in the palaeochannel aquifer to match the observed values.  
The calibrated horizontal hydraulic conductivity for the surficial aquifer is higher than the 
published value for mixed tertiary sediments but still less than the reported value for tertiary 
sands and within the expected range considering the high yields reported for some bores in 
the aquifer. In the weathered zone aquifer, layer 4, the horizontal hydraulic conductivity was 
calibrated for two zones: 1) in the main valley the saprolite aquifer is assumed to be directly 
overlain by the palaeochannel sediments (layer 3); and 2) in the uplands it is overlain by 
many tens of metres of highly weathered pallid zone of a lower permeability so the calibrated 
hydraulic conductivity is required to represent both materials. 
Table 3 Calibrated and published mean values of horizontal hydraulic conductivity (Kh) and vertical 
hydraulic conductivity (Kv), and calibrated recharge for the Beaufort River MODFLOW model 
Layer Kh (m/d) Kv (m/d) 
Recharge 
(mm/y) 
Aquifer 
material 
Published 
Kh 
(m/d) 
1 1.5  0.15 40 Tertiary mixed 0.56  
2  0.1 0.001  Tertiary clay 0.01  
3 3  0.3  Tertiary sand 3.61  
4—uplands 0.5 0.05 15 Granite pallid zone & saprolite 0.09/0.75  
4—valley 0.75 0.075  Granite saprolite 0.75  
The predicted heads closely match observed groundwater heads in the surficial aquifer 
(Figure 12). The match was poorer between predicted and observed heads in the 
palaeochannel and weathered zone aquifers. The model predicted artesian heads (above 
ground) at KOW696 but not at the other bores where they were observed. The predicted 
heads in the basal palaeochannel aquifer were relatively insensitive to changes in the 
hydraulic conductivity value used, suggesting that local aquifer geometry may play a role in 
the observed artesian heads. 
Despite the close fit between predicted and observed heads in the surficial aquifer, there are 
areas of systematic over-prediction and under-prediction (Figure 13). The systematic over-
prediction of the observed heads, by up to 1.7 m, in the south-east of the model domain 
could be explained by the fact that those bores occupy an elevated position and currently 
show rising trends (DAFWA monitoring), though the length of record is short. As the model is 
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a steady state representation of the aquifer, it is reasonable for it to over-predict heads in 
those locations. No similar explanation exists for the systematic under-prediction of heads  
(-0.08 to –1.0 m) to the south of the plantation. The under-prediction of heads immediately to 
the east of the plantation (-1.4 and –1.8 m) could in part be due to the application of a high 
discharge rate being modelled for the bore that supplies the abattoir or a poor representation 
of the aquifer geometry as it thins toward the higher granitic country to the east.  
In addition to issues over model calibration, the model predicted that portions of the upper 
extent of the surficial aquifer would dry at equilibrium (Figure 13). However, this is not 
reflected in the comparison of predicted and observed heads (Figure 12). Incomplete 
knowledge of the aquifer geometry as it thins and laps up onto the surrounding weathered 
profile and the need to represent this highly heterogeneous aquifer in a single layer, 
contribute to this limitation of the calibrated model. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 Scatter plot of predicted heads as a function of observed heads for bores with reliable 
groundwater observations in the surficial aquifer. 
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Figure 13 Differences between predicted and observed heads for bores with reliable groundwater 
observations in the surficial aquifer, positive values indicate over-prediction by the model, negative 
values indicate under-prediction by the model. Also shown are model cells in the surficial aquifer 
predicted to be dry in the calibrated mode (dark blue) and predicted areas of shallow groundwater; pale 
blue—groundwater within 0.5 m of the ground surface, orange and red—groundwater heads above 
ground.  
Areas predicted to have groundwater within a half a metre of the ground surface are shown 
in Figure 13. Though the mapped areas are less extensive than the area mapped as saline in 
Figure 5, the spatial pattern is similar and provides further confidence in the model 
predictions.  
Table 4 shows the groundwater balance for the two parcels occupied by the plantation under 
steady state conditions for the base case scenario, no plantation. For the sake of simplicity, 
net recharge is reported in all similar tables. Net recharge is the sum of all flows through the 
watertable; it is the difference between the input of water from rainfall via the unsaturated 
zone and discharge from the aquifer where there is insufficient storage to accommodate 
lateral inflows and potential recharge.  
In this scenario, net recharge is negative (-10 mm/y) because the shallow groundwater 
leaves little available storage for potential recharge to enter the saturated zone and 
groundwater inflows (12 mm/y net) from upslope must also be discharged. A net 
groundwater discharge does not necessarily imply high runoff in this environment because 
much of the water rejected from the aquifer inundates low lying areas and evaporates over 
the spring. The predicted evapotranspiration from the aquifer by native vegetation was 8 
mm/yr; this does not include evapotranspiration from the unsaturated zone above the aquifer. 
The table also shows the total volumes of water included for each component of the water 
balance over the whole plantation area, these figures will be compared to the appropriate 
values for the plantation scenarios to quantify the impact of the plantation; 1 mm of water 
over the area of the plantation is equivalent to 14 ML.  
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Table 4 Groundwater balance for the plantation area for the base case scenario.  
  In Out Net 
Net recharge  (mm/y) (ML/y) 
-10 
-143 
0 
0 
-10 
-143 
Et  (mm/y) (ML/y) 
0 
0 
8 
112 
-8 
-112 
Lateral flow  (mm/y) (ML/y) 
16 
220 
4 
55 
12 
165 
Vertical flow  (mm/y) (ML/y) 
8 
110 
1 
15 
7 
95 
3.2 Reduced rainfall scenarios 
The results of the two reduced rainfall scenarios are shown in Figure 14 and Figure 15 in 
term of changes in groundwater heads in the surficial aquifer relative to the base case. In 
both figures, the heads in the central portion of the valley show little or no change to 
groundwater levels because inflow from upslope maintains the watertable. In the 10 per cent 
recharge reduction scenario (R10) the level of impact over most of the affected area is less 
than 0.5 m. By contrast in the 20 per cent reduction case (R20), water levels decline by 
0.5 to 1 m in the upland areas, especially north-east of plantation. Note that the full impact of 
reduced rainfall is not simulated in these scenarios because the boundary heads remain 
unchanged as discussed above.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14 Head differences between the R10 scenario (recharge reduced by 10%) and the base case for 
the surficial aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all 
other contours are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels 
occupied by the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the 
basal palaeochannel, larger lakes and the 270 m AHD contour.  
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Figure 15 Head differences between the R20 scenario (recharge reduced by 20%) and the base case for 
the surficial aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all 
other contours are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels 
occupied by the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the 
basal palaeochannel, larger lakes and the 270 m AHD contour.  
3.3 Plantation impact scenarios 
3.3.1 Zero Recharge under planted area 
Figure 16 shows the predicted impacts of the plantation assuming zero recharge (trees use 
no groundwater) under the planted area. The maximum head reduction in the surficial aquifer 
is less than 1.5 m and the impact over most of the area is between 0.1 m and 1 m. A large 
portion of the plantation experiences an impact of less than 0.1 m because the lower 
watertable enhances recharge on the unplanted portion of the property. This occurs because 
the watertable is lower, enabling water that would other wise have runoff off or evaporated to 
enter the saturated zone.  
Table 5 shows that net recharge on a whole property basis is reduced, relative to the base 
case, by 7 mm/y or 91 ML/yr (from -10 to -17 mm/y). This is made up of a reduction in 
potential recharge of 28 mm/y (393 ML/y) and a reduction in discharge of 21 mm/y (302 
ML/y). Lateral groundwater flow into the affected parcels is also increased by 26% relative to 
the base case (Table 5). Evapotranspiration from the groundwater by the existing vegetation 
is also predicted to decrease because of the reduction in groundwater levels under the 
affected area; total actual evapotranspiration may not necessarily change, because the 
unsaturated zone is not explicitly modelled.  
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Figure 16 Head differences between the P0 scenario (zero recharge under the planted area) and the base 
case for the surficial aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater 
level; all other contours are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two 
land parcels occupied by the plantation, neighbouring land parcels identified under the ‘make good’ 
provisions, the basal palaeochannel, larger lakes and the 270 m AHD contour.  
Table 5 Groundwater balance for the plantation assuming zero recharge under the planted area 
(scenario P0). Also shown are the differences relative to the base case scenario in absolute and 
proportional terms 
  In Out Net Net diff. Net diff. (%) 
Net recharge  (mm/y) (ML/y) 
-17 
-234 
0 
0  
-17 
-234 
-7 
-91 
 
-64% 
Et  (mm/y) (ML/y) 
0 
0  
5 
74 
-5 
-74 
3 
38 
 
-34% 
Lateral flow  (mm/y) (ML/y) 
17 
243  
2 
35 
15 
208 
3 
43 
 
26% 
Vertical flow  (mm/y) (ML/y) 
7 
100 
0 
6 
7 
94 
0 
-1 
 
-1% 
3.3.2 Low groundwater use scenarios 
The predicted impacts of the low groundwater use scenarios are shown in Figure 17 through 
to Figure 21. The maximum level of impact increases from less than 2.5 m head reduction for 
scenario P300_02 to greater than 7.5 m for scenario P300_10 and the area impacted 
increases accordingly. Table 6 shows that, for scenario P300_06, groundwater levels have 
fallen relative to the base case sufficiently to enhance actual recharge under the unplanted 
portion of the plantation to the point where net recharge is increased by 17 mm/y (239 ML/y), 
relative to the base case.  
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Predicted evapotranspiration from the groundwater under the plantation is 50 mm/y 
(700 ML/y) in scenario P300_06, which is an increase of 42 mm/y (588 ML/y) relative to 
evaporation by the existing vegetation in the base case. Note that the predicted actual 
evapotranspiration is only a fraction of the assumed maximum rate (300 mm/y) because that 
rate is only applicable where groundwater is at the ground surface (Figure 10). The 
evapotranspiration predicted by the model therefore balances the drawdown of the 
watertable by tree water use with the 19 mm/y (265 ML/y) of additional inflow generated by 
the lower watertable. Net recharge under the area immediately surrounding the plantation is 
also enhanced by 5 mm/y (132 ML/y), due to lower watertables and increased available 
storage. Furthermore, evapotranspiration from the aquifer by existing remnant and 
revegetation outside the plantation is predicted to fall by 6 mm/y (142 ML/y) due to the lower 
watertables. The net loss of water to the system is therefore 75 ML/y; 588 ML/y 
evapotranspiration, partially compensated by 239 ML/y enhanced recharge under the 
plantation area, 132 ML/y enhanced recharge under the surrounding area and a 142 ML/y 
reduction in evaporative losses from the surrounding area.  
Figure 22 shows the predicted area with shallow groundwater for scenario P300_06, 
comparison with Figure 13, predicted shallow groundwater for the base, case shows a 
reduction in area with a salinity risk relative to the current situation under the plantation. This 
impact extends several hundred metres to the east and west of the plantation but is most 
noticeable to the south of the planted parcels. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17 Head differences between the P300_02 scenario (300 mm/y potential groundwater use to a depth 
of 2 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
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Figure 18 Head differences between the P300_04 scenario (300 mm/y potential groundwater use to a depth 
of 4 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
Table 6 Groundwater balance for the plantation and the area within the 0.1 m head change contour 
(surrounds), assuming a maximum of 300 mm/y groundwater use by the plantation to a maximum depth 
of 6 m (scenario P300_06). Also shown are the differences relative to the base case scenario in absolute 
and proportional terms.  
  In Out Net Net diff. 
Net 
diff. 
(%) 
In Out Net Net diff. 
Net 
diff. 
(%) 
  Plantation Surrounds 
Net 
recharge  
(mm/y) 
(ML/y) 
    7 
  96 
    0 
    0 
    7 
  96 
    17
 239 
 
167% 
  25 
644 
    0 
    0 
   25 
 644 
    5 
132 
 
   26% 
Et  (mm/y) (ML/y) 
    0 
    0 
  50 
700 
  -50 
-700 
  -42 
-588 
 
525% 
    0 
    0 
    7 
179 
    -7 
-179 
    6 
142 
 
  -44% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  31 
430 
    0 
    0 
    31
 430 
    19
  265 
 
161% 
    9 
237 
  26 
666 
   -17 
-429 
    -9 
-214 
 
-100% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  13 
176 
    0 
    2 
    13
 174 
     6 
    79 
 
  83% 
    4 
  96 
    2 
  59 
     2 
    37 
    -2 
  -62 
 
  -63% 
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Figure 19 Head differences between the P300_06 scenario (300 mm/y potential groundwater use to a depth 
of 6 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour.  
 
 
 
 
 
 
 
 
 
 
 
Figure 20: Head differences between the P300_08 scenario (300 mm/y potential groundwater use to a 
depth of 8 m under the planted area) and the base case for the surficial aquifer. The smallest head 
difference shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals 
starting from a 0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, 
neighbouring land parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger 
lakes and the 270 m AHD contour. 
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Figure 21 Head differences between the P300_10 scenario (300 mm/y potential groundwater use to a depth 
of 10 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 22 Predicted areas of shallow groundwater for the surficial aquifer for scenario P300_06.  
Pale blue – groundwater within 0.5 m of the ground surface, orange and red – groundwater heads above 
ground. For comparison, predicted shallow groundwater for the base case is shown in Figure 13.  
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3.3.3 High groundwater use scenarios 
The predicted impacts of the high groundwater use scenarios are shown in Figure 23 through 
to Figure 26. The maximum level of impact increases from less than 3 m head reduction for 
scenario P500_02 to greater than 6 m for scenario P300_08 and the area impacted 
increases accordingly.  
A scenario in which the plantation was allowed to access groundwater at up to 500 mm/y and 
to a depth of 10 m below ground level (scenario P500_10) showed that at this level of 
groundwater use the combined impacts of the plantation water use and pumping at bore 
KOW01 was sufficient to dry out the surficial aquifer in the vicinity of the bore. Under these 
conditions, the model terminates pumping to maintain a closed water balance. With pumping 
terminated the model predicts lower drawdowns in the vicinity of the bore than for the 
previous scenarios, a plot of this result is not shown as it is beyond the level of impact 
stipulated in the planning approval for the plantation.  
Table 7 shows that, for scenario P500_06, groundwater levels have fallen relative to the 
base case sufficiently to enhance actual recharge under the non-planted portion of the 
plantation to the point where net recharge is increased by a factor of more than 1.5 times. 
Evapotranspiration from the groundwater, however, is predicted to have increased six fold to 
54 mm/y (755 ML/y) and lateral groundwater flow toward the plantation has more than 
doubled to 33 mm/y (469 ML/y). This is partly provided from 26 mm/y (652 ML/y) of 
additional recharge to the area immediately surrounding the plantation. The net loss from the 
aquifer is 96 ML/y relative to the base case.  
Figure 27 shows the area predicted to have a shallow watertable in scenario P500_06. 
Comparison with the area of predicted shallow groundwater for scenario P300_06 (Figure 
17) reveals very little difference, indicating that the positive impacts of the plantation in 
reducing salinity risk are not likely to increase as significantly as the predicted head 
reductions under the plantation with higher plantation groundwater use.  
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Figure 23 Head differences between the P500_02 scenario (500 mm/y potential groundwater use to a depth 
of 2 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
 
 
 
 
 
 
 
 
 
 
 
Figure 24 Head differences between the P500_04 scenario (500 mm/y potential groundwater use to a depth 
of 4 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour.  
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Table 7 Groundwater balance for the two parcels occupied by the plantation and the area within the 0.1 m 
head change contour (surrounds), assuming a maximum of 500 mm/y groundwater use by the plantation 
to a maximum depth of 6 m (scenario P500_06). Also shown are the differences relative to the base case 
scenario in absolute and proportional terms.  
  In Out Net Net diff. 
Net 
diff. 
(%) 
In Out Net Net diff. 
Net 
diff. 
(%) 
  Plantation Surrounds 
Net 
recharge  
(mm/y) 
(ML/y) 
    7 
  96 
    0 
    0 
    7 
  96 
    17
 239 
 
167% 
  26 
652 
    0 
    0 
   26 
 652 
    6 
140 
 
   27% 
Et  (mm/y) (ML/y) 
    0 
    0 
  54 
755 
  -54 
-755 
  -46 
-643 
 
574% 
    0 
    0 
    6 
153 
    -6 
-153 
    7 
168 
 
  -52% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  33 
469 
    0 
    0 
    33
 469 
    21
  304 
 
184% 
  10 
242 
  27 
695 
   -17 
-453 
    -9 
-238 
 
-111% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  14 
192 
    0 
    2 
    14
 190 
     7 
    95 
 
100% 
    4 
  92 
    3 
  65 
     1 
    27 
    -3 
  -72 
 
  -73% 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25 Head differences between the P500_06 scenario (500 mm/y potential groundwater use to a depth 
of 6 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
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Figure 26 Head differences between the P500_08 scenario (500 mm/y potential groundwater use to a depth 
of 8 m under the planted area) and the base case for the surficial aquifer. The smallest head difference 
shown is a 0.1 m reduction in groundwater level; all other contours are at 0.5 m intervals starting from a 
0.5 m reduction. Also shown are: the two land parcels occupied by the plantation, neighbouring land 
parcels identified under the ‘make good’ provisions, the basal palaeochannel, larger lakes and the 270 m 
AHD contour. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 Predicted areas of shallow groundwater for the surficial aquifer for scenario P500_06.  
Pale blue—groundwater within 0.5 m of the ground surface, orange and red—groundwater heads above 
ground. For comparison, predicted shallow groundwater for the base case is shown in Figure 13. 
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3.3.4 Combined reduced recharge -plantation groundwater use scenarios 
The predicted combined impacts of reduced recharge and plantation groundwater use are 
shown in Figure 28 through to Figure 31. In all cases, the maximum reductions in 
groundwater level in the surficial aquifer occur to the north-east of the plantation in the area 
where groundwater is extracted for the abattoir. In scenarios P300_06_R20, P500_06_R10 
and P500_06_R20 the groundwater level reductions are sufficient to dry the surficial aquifer 
in the vicinity of bore KOW01, as occurred in scenario P500_10, in which case the model 
automatically terminates pumping from that bore. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28 Head differences between the P300_06_R10 scenario (recharge reduced by 10% and 300 mm/y 
potential groundwater use to a depth of 2 m under the planted area) and the base case for the surficial 
aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all other contours 
are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels occupied by 
the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the basal 
palaeochannel, larger lakes and the 270 m AHD contour.  
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Figure 29 Head differences between the P300_06_R20 scenario (recharge reduced by 20% and 300 mm/y 
potential groundwater use to a depth of 6 m under the planted area) and the base case for the surficial 
aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all other contours 
are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels occupied by 
the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the basal 
palaeochannel, larger lakes and the 270 m AHD contour.  
 
 
 
 
 
 
 
 
 
 
 
Figure 30 Head differences between the P500_06_R10 scenario (recharge reduced by 10% and 500 mm/y 
potential groundwater use to a depth of 4 m under the planted area) and the base case for the surficial 
aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all other contours 
are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels occupied by 
the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the basal 
palaeochannel, larger lakes and the 270 m AHD contour.  
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Figure 31 Head differences between the P500_06_R20 scenario (recharge reduced by 20% and 500 mm/y 
potential groundwater use to a depth of 6 m under the planted area) and the base case for the surficial 
aquifer. The smallest head difference shown is a 0.1 m reduction in groundwater level; all other contours 
are at 0.5 m intervals starting from a 0.5 m reduction. Also shown are: the two land parcels occupied by 
the plantation, neighbouring land parcels identified under the ‘make good’ provisions, the basal 
palaeochannel, larger lakes and the 270 m AHD contour.  
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Table 8 Groundwater balance for the two parcels occupied by the plantation and the area within the 0.1 m 
head change contour for scenario P300_06 (surrounds), assuming a maximum of 300 or 500 mm/y 
potential groundwater use by the plantation to a maximum depth of 6 m and recharge reductions of 10% 
and 20% due to reduced rainfall. Also shown are the differences relative to the base case scenario in 
absolute and proportional terms.  
  In Out Net Net diff. 
Net 
diff. 
(%) 
In Out Net Net diff. 
Net 
diff. 
(%) 
P300_06_R10 Plantation Surrounds 
Net 
recharge  
(mm/y) 
(ML/y) 
    6 
  86 
    0 
    0 
    6 
  86 
    16
 229 
 
160% 
  23 
581 
    0 
    0 
   23 
 581 
    3 
  69 
 
   13% 
Et  (mm/y) (ML/y) 
    0 
    0 
  47 
657 
  -47 
-657 
  -39 
-545 
 
487% 
    0 
    0 
    6 
150 
    -6 
-150 
    7 
171 
 
  -53% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  29 
406 
    0 
    0 
    29
 406 
    17
  241 
 
146% 
    9 
233 
  25 
624 
   -16 
-391 
    -8 
-176 
 
  -82% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  12 
167 
    0 
    2 
    12
 165 
     5 
    70 
 
  74% 
    4 
  90 
    2 
  57 
     2 
    33 
    -2 
  -66 
 
  -67% 
P500_06_R10   
Net 
recharge  
(mm/y) 
(ML/y) 
    6 
  86 
    0 
    0 
    6 
  86 
    16
 229 
 
160% 
  23 
587 
    0 
    0 
   23 
 587 
    3 
  75 
 
   15% 
Et  (mm/y) (ML/y) 
    0 
    0 
  51 
722 
  -51 
-722 
  -43 
-610 
 
545% 
    0 
    0 
    7 
166 
    -7 
-166 
    6 
155 
 
  -48% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  32 
451 
    0 
    0 
    32
 451 
    20
  286 
 
173% 
    9 
237 
  26 
671 
   -17 
-434 
    -9 
-219 
 
-102% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  13 
187 
    0 
    2 
    13
 185 
     6 
    90 
 
  95% 
    3 
  81 
    3 
  68 
     0 
    13 
    -4 
  -86 
 
  -87% 
P300_06_R20   
Net 
recharge  
(mm/y) 
(ML/y) 
    5 
  77 
    0 
    0 
    5 
  77 
    15
 220 
 
154% 
  20 
518 
    0 
    0 
   20 
 518 
    0 
    6 
 
     1% 
Et  (mm/y) (ML/y) 
    0 
    0 
  45 
626 
  -45 
-626 
  -37 
-514 
 
459% 
    0 
    0 
    6 
160 
    -6 
-160 
    7 
161 
 
  -50% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  28 
391 
    0 
    0 
    28
 391 
    16
  226 
 
137% 
    9 
229 
  24 
603 
   -15 
-374 
    -7 
-159 
 
  -74% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  11 
161 
    0 
    2 
    11
 159 
     4 
    64 
 
  67% 
    3 
  75 
    2 
  59 
     1 
    16 
    -3 
  -83 
 
  -84% 
P500_06_R20   
Net 
recharge  
(mm/y) 
(ML/y) 
    5 
  76 
    0 
    0 
    5 
  76 
    15
 219 
 
153% 
  21 
521 
    0 
    0 
   21 
 521 
    1 
    9 
 
     2% 
Et  (mm/y) (ML/y) 
    0 
    0 
  48 
673 
  -48 
-673 
  -40 
-561 
 
501% 
    0 
    0 
    5 
135 
    -5 
-135 
    8 
186 
 
  -58% 
Lateral 
flow  
(mm/y) 
(ML/y) 
  30 
425 
    0 
    1 
    30
 424 
    18
  259 
 
157% 
    9 
233 
  25 
627 
   -16 
-394 
    -8 
-179 
 
  -83% 
Vertical 
flow  
(mm/y) 
(ML/y) 
  12 
175 
    0 
    2 
    12
 173 
     5 
    78 
 
  82% 
    3 
  74 
    3 
  66 
     0 
      8 
    -4 
  -91 
 
  -92% 
 
February 2010 
34 
3.4 Estimated salt accumulation under plantation 
The water quality in bores in the surficial aquifer within and immediately surrounding the 
plantation range from 370 to 1,700 mg/L (Figure 4). To estimate the likely accumulation of 
salt under the plantation due to groundwater extraction by the trees we have assumed a 
groundwater salinity of 1,000 mg/L. Predicted evapotranspiration from the groundwater in 
scenarios P300_06 and P500_06, were 50 and 54 mm/y (700 and 755 ML/y), respectively 
(Table 6 and Table 7). If all the salt in the evaporated water remains beneath the plantation, 
then the annual accumulated salt mass will be between 500 kg/ha/y and 540 kg/ha/y (700 to 
755 ton/y over the plantation area). As both lateral and vertical flow in these scenarios is 
toward the plantation, it is likely that salt will accumulate at or near the watertable and 
dispersion will be the only force driving dilution. In time, this may have an impact on 
plantation water use and viability.  
3.5 Summary of predicted impacts 
Detailed water balances for the base case scenario and for selected plantation and reduced 
recharge scenarios are shown in Table 4 to Table 8. A summary of the predicted water 
balance impacts for those scenarios is presented in Table 9. The table shows the predicted 
evapotranspiration by the plantation for each scenario and the net loss of water from the 
system which takes into account reduced evapotranspiration from existing vegetation and 
recharge enhancement as a result of lower watertables. Table 9 shows that the volume of 
water evaporated from the aquifer by the plantation is a poor indicator of the actual losses to 
the system. As the watertable under the plantation, and its immediate surroundings, is 
lowered by the plantation, storage is made available for the potential recharge rejected from 
the aquifer in the base case scenario. Table 9 shows that the actual loss from the aquifer 
under the P300_02 scenario is less than 5 per cent of the evaporative losses attributable to 
the plantation and that even at the highest level of impact modelled (P500_10) the net loss 
from the system was only 25 per cent of the evaporative loss from the plantation.  
Table 9 also shows that the depth from which the trees are able to access groundwater for 
evapotranspiration is more critical to the predicted groundwater impacts than the assumed 
maximum rate of extraction. Even though the MODFLOW model does not deal explicitly with 
the unsaturated zone above the watertable, this suggests that information on potential 
rooting depth within the plantation would be valuable in predicting its impacts. Spatial 
information on the depth and characteristics of clay layers, that may impede root growth, and 
on the rooting habits of tree species would both be useful.  
The range of groundwater use predictions presented in Table 9 is consistent with the range 
of groundwater use figures for agroforestry trials over shallow watertables reviewed by 
Thorburn (1999). Benyon et al. (2006) estimated groundwater use by pine and eucalypt 
plantations over brackish to fresh groundwater in south-east Australia and report that only at 
sites with fresh groundwater and soils that allowed unrestricted root growth did tree water 
use exceed rainfall by more than about 100 mm/y.  
The range of predicted lateral impacts of the plantation on groundwater levels are at the 
upper end of observed values for the south west of Western Australia. George et al. (1999) 
reviewed the groundwater response to tree plantings (mostly about 10 to 50 ha) at almost 
80 sites in the south-west agricultural region and found that groundwater levels were 
impacted only within 10 to 30 m of the planted area. At only a few sites where groundwaters 
were fresh and where hydraulic conductivities were exceptionally high did groundwater 
impact extend several hundred metres beyond that range. The predicted impact of the 
plantation on water levels is within the range of observations by George et al. (1999). The 
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authors showed that watertables were lowered by as much as 6 m is recharge areas but 
were rarely impacted by more than 1 to 2 m in water accumulation or discharge areas.  
Given the ranges of plantation water use and groundwater impacts cited above, we consider 
scenario P300_06 to represent the maximum likely impact of the plantation, in this scenario 
the watertable fell by over 4.5 m in the area of greatest impact within the plantation. The 
other scenarios represent possible, but less likely levels of impact.  
In scenario P500_10 the watertable to the north-east of the plantation fell by a sufficient 
degree for the model to automatically cease pumping at bore KOW01, which supplies the 
abattoir on Leggoe Road. A range of estimates for pumping from this bore have been made, 
and the highest of the available estimates was used in the model so that any potential 
impacts would be obvious, therefore this result does not imply that the bore will become 
unusable but clearly identifies the possibility of yield being affected. The potential for 
groundwater yield impacts at KOW01 was also identified in three of the four combined 
recharge reduction – plantation scenarios (P300_06_R20, P500_06_R10 and 
P500_06_R20).  
Table 9 Predicted evapotranspiration from the groundwater under the plantation for the base case and all 
plantation and reduced recharge scenarios and the resultant net loss from the aquifer 
Et 
Scenario 
(mm/y) (ML/y) 
Net loss 
ML/y) 
Base   -8 -112  
R10   -7 -105 NS 
R20   -7   -98 NS 
P0   -5   -74   -13 
P300_02 -34 -476   -20 
P300_04 -43 -604   -46 
P300_06 -50 -700   -75 
P300_08 -55 -776 -107 
P300_10 -60 -837 -140 
P500_02 -36 -511   -28 
P500_04 -46 -651   -57 
P500_06 -54 -755   -96 
P500_08 -59 -834 -136 
P300_06_R10 -47 -657   -75 
P300_06_R20 -45 -628 -129 
P500_06_R10 -51 -723 -153 
P500_06_R20 -48 -672 -144 
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4. Discussion and recommendations 
The MODFLOW (McDonald and Harbaugh, 1988) model of the Beaufort River plantation 
presented here uses site specific information on soils, geology and climate to predict the 
impacts of the plantation on neighbouring groundwater users. While there is limited spatial 
information on soils and aquifer heterogeneity in the area, the model results indicate that the 
spatial distribution of impacts is highly dependant on site specific factors. The model matches 
the observed groundwater heads in the vicinity of the plantation well enough to reason that 
this distribution of impacts is feasible and that the model results can guide the development 
of a monitoring plan to assess the real impacts of the plantation. It is also reasonable to 
assume that these results will be transferable to other sites where similar low salinity, 
surficial aquifers occur. Where site conditions are considerably different to those 
encountered at the Beaufort River site, groundwater impacts of similar sized plantation may 
be significantly different.  
The depth to which the plantation is able to access and extract groundwater has been 
identified as a major determinant of the impact it will have on the surficial aquifer. It is 
recommended that information that may be used, either directly or indirectly, to determine the 
likely maximum rooting depth of a plantation should be supplied in future planning approvals 
for large plantations where significant impacts on the availability of water resources is 
potentially an issue. If the Forest Products Commission does not already perform soil 
surveys to determine potential rooting depth, it is further recommended that they do so, the 
results would support their yield projections and help minimise tree deaths from drought 
where rooting depth may be limiting as well as providing valuable information in the planning 
approval process.  
4.1 Groundwater monitoring 
Under the planning approval for the establishment of the plantation the FPC are required to 
design and establish a monitoring system to assess changes over time for each scenario 
identified as likely by this modelling exercise.  
Currently the FPC monitors thirteen bores around the plantation using automatic data 
loggers (Figure 32). Of the thirteen bores two are screened in the basal palaeochannel 
aquifer (BOS3, KOW696) and a further three have multiple screened intervals (BOS4, BOS5, 
BOS6). Given that water use by the plantation will impact mainly on the surficial aquifer and 
that all known groundwater extraction is from the surficial aquifer, observing water levels in 
these bores may not provide the early indication required that impacts are approaching a 
critical level. We therefore recommend that a selected number of these bores be redrilled to 
provide quantitative data on heads and salinity levels. A review of the data collected to date 
would assist in making a rational decision about which bores will provide suitable warning of 
critical impacts.  
Recommended sites for additional monitoring bores based on the areas of predicted impact 
are shown in Figure 32. It is recommended that two bores be drilled at each site, one to 10 to 
12 m and one to 3 to 5 m, depending on lithology. Furthermore, at least one site (site 3 or 4, 
Figure 32), in a central location should be drilled to sufficient depth to intersect the basal 
palaeochannel aquifer. This site should be completed with multi-depth bores to enable 
vertical heads to be investigated. At least one site should also be drilled to investigate the 
interaction between the surficial aquifer and the weathered zone aquifer on the granite ridge 
in the centre of the plantation (site 8, Figure 32). Several optional sites have also been 
proposed (sites 6, 7 and 11, Figure 32). Furthermore, additional control bores may need to 
be sited to monitor for climate change impacts. While, some of the existing DAFWA bores 
will be suitable for this purpose, we recommend other new sites to allow for changes in 
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landuse. Additional control bores should not be sited in areas likely to undergo landuse 
change. In addition, as new plantations complicate the interpretation of the impact of the 
existing system, no new plantations should be established in areas predicted to experience 
significant impact from the current plantation without reference to the Steering Committee.  
4.2 Further groundwater modelling 
Further groundwater modelling is proposed to improve the accuracy of the model and to 
provide a mechanism for the Steering Committee to consider interactions between the 
plantation and the requirements of other water users. The need for, and timing of, any 
additional modelling would best be determined by the Steering Committee in light of the 
landholder response to the results presented here or in the event of monitoring data 
revealing unforeseen changes in groundwater levels.  
Possible tasks for inclusion in any further modelling include:  
1. Update the model based on the results of the proposed drilling, if required, and 
undertake a comparison of model results and monitoring data.  
2. Assess impacts of other plantations recently established in the area.  
3. If necessary, use the calibrated model to assist adaptive management of the plantation 
and neighbours’ bore water use  
4. Model the interaction between the plantation and groundwater extraction not 
considered in the current model and new proposed extraction by any other landholders 
likely to be impacted.  
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Figure 32 Proposed locations of additional monitoring bores, yellow – high priority, pale blue – priority 
two locations. Other significant bores are also shown, including those currently equipped with data 
loggers (dark blue diamonds). 
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Appendix 1. Proposal for Monitoring and Review Program 
Department of Agriculture and Food 
Proposal for Monitoring and Review Program for Sattler’s and 
surrounding area Dr R George – 10
th 
June 2008 
The proposed Monitoring and Evaluation Program (MEP) is being developed with reference 
to comments made by Dr Richard George in his ‘Supplementary advice to Forest 
Products Commission (FPC) and the Shire of Woodanilling on the proposed ‘Beaufort 
River’ (Sattler’s) Plantation.’  
Aim 
To establish a process to enable the impact of the plantation on groundwater to be measured 
and potential risks to neighbours and the environment to be prevented or managed to an 
agreed plan.  
The proposed MEP would have three major activities;  
1. establish the needs of the participants,  
2. define the areas of risk,  
3. outline the operating requirements for the implementation of the M&E plan (such as 
management structure, agreements for access to data/information, design of the M&E 
plan, disputes management, etc).  
The second and third activities then relate to the physical characteristics of the local 
hydrology and existing demands upon the system (risk assessment), and, an agreed 
program of monitoring to determine if the plantation causes significant impacts on water 
availability to neighbours (e.g. triggering the ‘make good’ measures that will need to be 
agreed between FPC, Shire and the landowners a).  
These steps can be defined as:  
a. Consider the establishment of a management committee and operating plan 
(members, budget,), The STF Scientific Reference Group may provide this role,  
b. Assess the baseline condition of the aquifer (stratigraphy, salinity, yield, etc),  
c. Analyse areas known to be at ‘risk’ given reduced recharge and/or watertables by site 
specific assessment (bore transects, pumping tests on existing wells, etc),  
d. Build groundwater model to assess impacts, run scenarios for likely changes to water 
use and determine likely impacts,  
e. Design and establish a monitoring system to assess changes over time for each 
observed scenario,  
f. Establish measurable ‘trigger conditions’ and the agreed ‘responses’ for each.  
g. Assess feasibility of each response and develop a management plan.  
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Method/Content 
a) Establish a management committee and operating plan 
• FPC to manage establishment of committee (STF Reference Committee and/or 
Council) and operating plan, potentially using services of a consultant in the initial 
phase to ensure independence. Membership of the committee and the roles and 
responsibilities will need to be established up front. The activities to be undertaken 
(before #b-#g below) may then include, (i) the detail of the make-good measures, (ii) 
land and water access, (iii) monitoring responsibilities and related methodology, (iv) 
membership -chair of committee, (v) communication, (vi) data sharing and 
management, (vii) disputes resolution and similar.  
b) Assess the baseline condition of the aquifer (stratigraphy, salinity, yield, etc.) 
• Determination of current conditions in and near the edge of the plantation as they 
reflect the structure and function of aquifers in the vicinity; the extent and structure of 
the Beaufort palaeochannel and relation to local hillside aquifers.  
• Determine the existing and planned use of existing bores, stratigraphy and measured 
parameters, for mapping current extent and depth of shallow and deep aquifers, 
hydraulic properties, and define knowledge gaps  
• Drill and log additional bores to correct deficiencies in the existing regional bore 
network  
• Report as Base Case (for use in submission)  
c) Analyse areas known to be at ‘risk’ given reduced recharge and/or watertables 
by site specific assessment (bore transects, pumping tests on existing wells, 
etc.) 
• Install transects of piezometers across boundary of Beaufort Meat, Fysh and other 
areas nominated by operating plan  
• Pump test all existing production bores to define yield and hydraulics  
• Establish an agreed program of bore monitoring, likely to include monitoring of current 
extraction rates from pumped bores (including bores on Fysh and Sattler properties, 
those supplying the abattoir and other production bores).  
• NB Depending on what #b defines, #c and/or #d maybe reversed in order.  
d) Build a model (groundwater) to assess impacts, run scenarios for likely changes 
to water use and determine likely impacts 
• Build a simple model of the aquifer and run scenarios that reflect the likely 
consequences of existing and/or proposed pumping and the effect of the plantation. 
This also enables the monitoring to be better targeted and long term impacts to be 
forecast, both benefits and potential implications on yield.  
e) Design and establish a monitoring system to assess changes over time for each 
observed scenario. 
• Depending on the forecast impacts, re-design the M&E plan, such as upgrading the 
monitoring sites/frequency. This may be done at a latter date.  
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f) Establish measurable ‘trigger conditions’ and the agreed ‘responses’ for each 
• Earlier advice from the Department of Water in relation to water access in unlicensed 
areas is that the protection of water availability to existing users (prior use) is the main 
criteria used in allocating water resources. The trigger conditions will be based on this 
principle. For each risk & area, it is suggested that the trigger conditions will be based 
on the current availability of water for users. In determining the cause of any change in 
supply information such as drawdown in monitoring bores relative to prior period and 
relative to bores outside the area influenced by the plantation will be used to attribute 
any effects. This will require knowledge of current water use (who, when, how).  
g) Assess feasibility of each response and develop a management plan 
• For each response observed, set a process to deliver on each ‘make good’ measure. 
The details of when, who and how are then critical.  
The location of monitoring would be likely be targeted to areas of risk; namely the 
interactions points near Beaufort Meats, the Fysh property and to the west of the plantation. 
These transects would likely have about 10 or so shallow depth bores (6–10 m) and up to 
three deep bores (50 m). 
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Appendix 2. Bore details 
Bore Depth (m BGL) Comments 
Last water 
level 
Water level 
(m BGL) 
Last water 
quality 
TDS 
(mg/L) 
08BB02I  33.64   25-Feb-09 -10.05  25-Feb-09 3390  
08BB03I  9.29   25-Feb-09 -5.01  25-Feb-09 1841  
08BB04I  14.08   25-Feb-09 -3.27  25-Feb-09 5129  
08BB04S  4.52   25-Feb-09 -1.92  25-Feb-09 7211  
08BB05I  13.26   25-Feb-09 -1.17  25-Feb-09 7395  
08BB05S  6.05   25-Feb-09 -1.31  25-Feb-09 5353  
1100 1.83  not found     700  
1406  12.6  not cased, collapsed  15-Feb-88 -8.00  15-Feb-88 7600  
1407  14.9   03-Mar-88 -3.40  03-Mar-88 330  
1408  16  equipped/pumped -no 
discharge data  
 -8.00  24-Mar-88 790  
1411   not found     270  
1412  21.9  bulldozed, now a soak    20-Jun-80 1380  
1413  2.3  
abandoned well & windmill  
   540  
1414_A87  15   25-Mar-88 -2.39  25-Mar-88 260  
1415  15.24  not found -could be 
Settler's wildflower 
plantation bore  
30-Jun-82 -1.40  25-Mar-88 1460  
1420  4.2  not found  23-Feb-88 -3.32  19-Apr-88 830  
1422  3.05  not found   -0.90   9200  
20051599  48  artesian on completion, 
cemented up to prevent 
discharge, detailed log on 
WIN  
   2200  
641  16.45  pump with solar panels 40 
m east of location given on 
WIN  
30-Jun-88 -0.90  30-Jun-88 797  
642  16.45  not found  30-Jan-78 -0.60   160  
663  21.34  not found   -9.75   310  
664  6.4  supplies Beaufort River 
Tavern  
 -0.50   1430  
665  21.34  not found  30-Jun-86 -7.62   790  
671  18.29  not found   -7.92   1287  
690  16.46  not found   1.00  30-Jun-70 3550  
695  37.5  no longer exists, very low 
yield  
 -15.50   4500  
697  4.1  not found   -0.80   3700  
703  12.19  very low yield, "garden hose”, 2–3 gal/min  
  30-Jun-87 4700  
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Appendix 2. Bore details continued 
Bore Depth (m BGL) Comments 
Last water 
level 
Water level 
(m BGL) 
Last water 
quality 
TDS 
(mg/L) 
707 2 soak    2600 
708 2 soak    1000 
711 12.2 not found, water level while pumping -6.8 m    2300 
712  not found, windmill  -1.70  520 
713 1.8 dam now in location indicated  -0.30  360 
747 27.43 supplies 3 houses, potential 700 gal/hr   30-Jun-80 640 
76 2.5 
very low yield, reputed 
approx. 500 grains, water 
level while pumping -1.6 m 
   
3750 
A 29.3 
house bore, to 12 000 gal 
tank and troughs on floats, 
90–280 mS/m 
30-Jun-73 -15.20 30-Jun-82 2280 
BOS10 47  25-Feb-09 -1.62 07-Apr-94 1390 
BOS11 36 
 
03-Feb-09 -7.93 09-Mar-94 2570 
BOS2 52  14-Feb-94 -2.26 09-Mar-94 1040 
BOS3 52  03-Feb-09 0.24 03-Feb-09 2478 
BOS4 65 
 
03-Feb-09 -4.44 06-Apr-94 1870 
BOS5 52  03-Feb-09 -0.12 07-Feb-94 7500 
BOS6 54 
 
03-Feb-09 -0.22 05-Apr-94 9610 
FYS01 13.78  08-May-08 -1.97 08-May-08 1716 
FYS02 17.02  08-May-08 -0.34 08-May-08 570 
SHEP01 14 piggery, 0.2 HP pump 
operates 2 hr/day 
08-May-08 -5.06 08-May-08 
3000 
SHEP03 7.62 
 08-May-08 -5.51 08-May-08 
4250 
SHEP04 14  08-May-08 -1.20 08-May-08 540 
STEV_01 14.9  08-May-08 -0.93 08-May-08 330 
STEV_02  
 08-May-08 -0.95 08-May-08 
2430 
WOOD_1 6.4 not located   30-Jun-70 18000 
WOOD_1A 42.98 
water cit at 80 ft; main 
supply 120–140 ft; drought 
relief drilling 
 
 
 
3000 
WOOD_2 6.4 not located   30-Jun-70 12000 
WOOD_3 19.2 not located   30-Jun-70 5150 
February 2010 
46 
 
